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(54) Inkjet printhead 



O (57) ink jet printhead comprising a channel plate 

(12) having a plurality of ink channels (14) etched 
into at least one surface thereof, actuators (22) 
respectively associated with each of the ink channels 
for pressurizing ink contained in the ink channels, and 
means (10) defining an ink reservoir (32) communicating 
with the ink channels, wherein that said ink reservoir 
CM defining means are formed by a base member (10) made 

^ of a material different from that of the channel late (12). 
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Description 



[0001] The invention relates to an ink jet printhead comprising a channel plate having a plurality of ink 
channels etched into at least one surface thereof, actuators respectively associated with each of the ink channels 
for pressurizing ink contained in the ink channels, and means defining an ink reservoir communicating with the ink 
channels. 

[0002] The invention further relates to a process for manufacturing such a printhead. 

[0003] An example of a conventional printhead of this type is described in EP-A-0 671 372. The ink channels are 
arranged side-by-side in one surface of the channel plate and extend in parallel to one another with narrow spacings 
formed therebetween. Each ink channel converges into a nozzle at one end thereof, so that an array of nozzles is 
formed, by which a plurality of ink droplets can be expelled simultaneously by energizing the actuators respectively 
associated with the ink channels. For a high-resolution printer, it is required that the spacings between the 
adjacent nozzles are made as small as possible, and, accordingly, the ink channels and the wall portions separating 
them must have very small dimensions in the width direction. 

[0004] The ink reservoir defining means and the channel plate are formed by a one-piece substrate made of a 
material such as silicon, in which the ink channels can be formed by photo-lithographic etching. This has the 
advantage that the minute structures of the ink channels and the nozzles can be formed with high accuracy. Cavities 
defining the ink reservoir and supply passages connecting the ink reservoir to each of the ink channels are formed 
directly in the silicon substrate by etching away appropriate portions of the substrate. 

[0005] As an alternative, it has been proposed to form the channel plate and the ink reservoir defining means by 
a one-piece block of graphite. In this case, however, the ink channels must be cut into the surface of the channel 
plate, and the process of forming the minute structures of the ink channels and nozzles becomes more cumbersome or 
a graphite with a very small grain size must be used which makes the inkjet printhead expensive. 

[0006] It is an object of the present invention to provide an ink jet printhead of the type indicated in the 
preamble, which can be manufactured at low costs and in which the ink channels can nevertheless be formed 
reproducibly with high accuracy. 

[0007] According to the invention, this object is achieved by the feature that the ink reservoir defining' means 
are formed by a base member made of a material different from that of the channel plate. 

[0008] As a result, it is not necessary to form the comparatively large volume of the ink reservoir in a time- 
consuming etching process, and the rather bulky member of the printhead in which the ink reservoir is formed can be 
manufactured at low costs by molding, sintering or machining a rather inexpensive material such as graphite or 
ceramic in a relatively grainy form. Only the comparatively small volume of the channel plate is made from a more 
expensive material such as silicon, fine grain graphite ceramics in which the fine structures of the ink channels, 
and, as the case may be, the nozzles, can be formed with high accuracy in an etching or mechanical process in which 
only a little amount of material has to be removed. Thus, not only the costs for the material but also the costs for 
the manufacturing process can be reduced significantly. 

[0009] More specific optional features of the invention are indicated in the dependent claims. 
[0010] In a preferred embodiment the channel plate and the member defining the ink reservoir are manufactured as 
separate members and are then buttingly assembled together and fixed to one another, e.g. by bonding, so that fluid 
connections between the ink reservoir and each of the ink channels are established. In this case, the ink channels 
can be etched or machined before the channel plate and the ink reservoir defining member are assembled, so that the 
apparatus needs to have only small dimensions and/or a large number of channel plates can be etched simultaneously. 
One suitable manufacturing process is claimed in claim 7. 

[0011] As an alternative, it would also be possible that the etchable material, e.g. silicon, is directly 
deposited on a portion of the member defining the ink reservoir, and then the ink channels are formed by etching. 
[0012] In a preferred design of an ink jet printhead the nozzles are arranged in two parallel rows. In this case, 
the ink channels associated with the respective rows of nozzles can either be formed in opposite surfaces of a single 
channel plate or can be formed in the surfaces of separate channel plates sandwiched with a portion of the ink 
reservoir defining member. In the latter case, a large area of contact between the channel plates and the ink 
reservoir defining member is achieved, and, accordingly, there is a good thermal contact between the ink reservoir 
defining member and the channel plates, which is particularly advantageous in case of a hot-melt printhead in which 
the ink contained in the ink reservoir and the ink channels needs to be liquified by heating. 

[0013] Preferred embodiments of the invention will now be explained in conjunction with the drawings in which: 

Fig. 1 is a longitudinally sectioned perspective explosion view of a printhead according to the invention; 

Fig. 2 is an enlarged cross-sectional view of a lower portion of the printhead shown in figure 2, the cross- 
section being taken along the line ll-ll in figure 1; and 



Fig. 3is a cross-sectional view of a printhead according to a modified embodiment 
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[0014] As is shown in figures 1 and 2, an ink jet printhead according to the invention has a symmetric structure 
and comprises as main components a base plate 10 made of graphite or ceramic and a channel plate 12 made of an 
etchable material, preferably a semiconductor material such as silicon. The channel plate 12 has opposite lateral 

5 surfaces in which a plurality of parallel, vertically extending ink channels 14 are formed by etching. Each ink 
channel 14 is converged to form a nozzle 16 (figure 2) at the lower end thereof and is open at its top end. The open 
lateral sides of the ink channels 14 and the nozzles 16 are covered by a flexible sheet 18 made of the same material 
as the channel plate 12 and firmly bonded thereto. An actuator block 20 is bonded to the outer surface of each sheet 
18. The actuator block 20 is made of a piezoelectric ceramic material and has a comb-like structure forming a 

1Q plurality of parallel, vertically extending piezoelectric fingers 22 and is provided with electrodes (not shown) 
associated with each of the fingers 22. A flexible lead foil 24 is attached to the outer surface of each of the 
actuator blocks 20 and is formed with electric leads for individually energizing the piezoelectric fingers 22. 
[0015] The actuator blocks 20 are protected by a cap 26 fined over the lower end of the channel plate 12 and 
bonded to the lower edges of the sheets 18 and to the end faces 28 of the channel plate 12. 

[0016] The base member 10 is a plate-like member having a comparatively thick top portion 30 in which an ink 
reservoir 32 and a receptacle 34 for a filter element (not shown) are formed. A lower portion 36 of the base plate 10 
has a reduced thickness and width and is formed with a recess 38 extending along its lower edge. Ink supply passages 
40 are symmetrically formed in the cross section of the lower portion 36 of the base plate. The ink supply passages 
40 are in fluid communication with the ink reservoir 32 and are open to the bottom of the recess 38. 
[0017] As is shown in figure 2, the channel plate 12, the flexible sheets 18 and the actuator blocks 20 form a 
20 unit which is filled to the lower edge of the base plate 10, so that the top portions of the channel plate 12 and the 
sheets 18 project into the recess 38. The thickness of the channel plate 12 is larger than the thickness of a web 
portion 42 of the base plate 10 separating the ink supply passages 40. Thus, the open ends of the ink channels 14 are 
in fluid communication with the ink reservoir 32 via the ink supply passages 40. 

[0018] The outer surfaces of the sheets 18 projecting upwardly beyond the actuator blocks 20 are bonded to the 
25 lateral walls of the recess 38 by means of an adhesive 44, so that the ink supply passages 40 are sealed and the 
channel plate 1 2 is held in firm engagement with the web portion 42 of the base plate. 

[0019] The flexible lead foils 24 are led-out on either side of the base plate 10 and are protected against 
tensile forces by clamping bars 46 which, together with mounting blocks 48 (figure 1) form a frame surrounding the 
lower portion 36 of the base plate. 

30 [0020] In the shown embodiment, the printhead is a hot-melt ink jet printhead, and, as is known per-se, heating 
means (not shown) are provided for heating the base plate 1 0 so that the hot-melt ink contained in the ink reservoir 
32, the ink supply passages 40 and the ink channels 14 is kept in the liquid state. If desired, electric auxiliary 
heating means can be formed in the channel plate 12, for example by appropriately doping the silicon material so that 
resistance heating layers are formed. 

35 [0021] When the printhead is operated, electric signals are supplied to the individual piezoelectric fingers 22 
via the lead foils 24, so that the piezoelectric fingers perform expansion and retraction strokes towards and away 
from the associated ink channel 14, so that the sheet 18 covering this ink channel is flexed and the liquid ink 
contained in the ink channel is pressurized and an ink droplet is jetted-out through the nozzle 16. 

[0022] As can be seen in figures 1 arid 2, the amount of bulk material needed for the base plate 10 is 
4Q considerably larger than the amount of material needed for the channel plate 12. It is accordingly an important 
advantage of the invention that only the comparatively small channel plate 12 needs to be made of an expensive 
material such as silicon. In the manufacturing process, the pattern of ink channels 14 and nozzles 16 can be formed 
with high precision in both lateral surfaces of the channel plate 12 by using photo-lithographic etching techniques. 
Then, the ink channels are covered with the flexible sheets 18 and the actuator blocks 20 are secured thereto by 
bonding. The fact that at this stage, the channel plate 12 is not yet fitted to the base plate 10, facilitates the 
fine adjustment of the piezoelectric fingers 22 of the actuator blocks relative to the ink channels 14. Finally, the 
unit formed by the channel plate, the flexible sheets 18 and the actuator blocks 20 is fitted to the base plate 10 
and secured thereto by bonding. 

[0023] Figure 3 shows a modified embodiment in which the web portion 42 of the base plate 1 0, instead of forming 
the recess 38 shown in figure 2, is extended to form a support plate 48 sandwiched between two separate channel 

50 plates 12. In this embodiment, the amount of silicon material required for forming the two channel plates is even 
smaller than in the case of figure 2, and each channel plate forms only one row of ink channels 14. The thickness of 
the support plate 48 is preferably smaller than that of the web portion 42, so that the channel plates can be abutted 
against a shoulder formed between the support plate 48 and the web portion 42. The flexible sheets 18 are in this 
case made from slightly thicker plates which are in abutting engagement with the lower edge of the base plate 10 on 

55 either side of the projecting support plate 48 and from which a central portion has been etched away in order to 
accommodate the actuator blocks 20 and to provide the required flexibility. 
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[0024] The channel plates 12 are secured to the surfaces of the support plate 48 by means of an adhesive which 
provides for a good thermal contact between the base plate 10 and the channel plates. 

[0025] Although only specific embodiments of the invention have been described above, it will be clear for a 
person skilled in the art that various modifications and changes can be made within the scope of the appended claims. 
[0026] It is possible to use for the base member (10) and the channel plate (12) graphite. In that situation a 
graphite with carbon particles having a grain size greater than 10 pm is used for the base member (10) and for the 
channel plate (12) a graphite with carbon particles having a grain size smaller than 10 \im, preferably smaller than 3 urn 

Claims 

1. Ink jet printhead comprising a channel plate (12) having a plurality of ink channels (14) etched into at least 
one surface thereof, actuators (22) respectively associated with each of the ink channels for pressurizing ink 
contained in the ink channels, and means (10) defining an ink reservoir (32) communicating with the ink channels, 
characterized in that said ink reservoir defining means are formed by a base member (10) made of a material 
different from that of the channel plate (12). 

2. Ink jet printhead according to claim 1, wherein the channel plate (12) is held in butting engagement with a 
surface of the base member (10) in which an ink supply passage (40) is formed for establishing fluid 
communication between the ink reservoir (32) and the ink channels (14). 

3. Ink jet printhead according to claim 1 or 2, wherein the channel plate (12) is fixed to the base member (10) by 
means of an adhesive. 

4. Inkjet printhead according to any of the preceding claims, wherein the base member (10) is made of graphite. 

5. Ink jet printhead according to any of the preceding claims, wherein the channel plate (12) is made of silicon. 

6. Ink jet printhead according to any of the preceding claims, wherein a portion of the base member (10) forms a 
support plate (48) sandwiched between two separate channel plates (12). 

7. Method of manufacturing an ink jet printhead according to any of the preceding claims, wherein the channel plate 
(12), a flexible sheet (18) covering open sides of the ink channels (14) and an actuator block (20) forming the 
actuators (22) are assembled and fixed to each other to form a unit which is then fitted to the base member (10). 
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